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Objectives 


• Develop and Validate Manufacturing Processes and 
Technology for Fabrication of Large Scale 
Cryogenic Tanks 

• Establish Scale-Up and Facilitization Plan for Full 
Scale Cryotanks 
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• Develop Non-Autoclave Composite Manufacturing 
Processes 

• Fabricate Subscale Tank Joints for Element Tests 

• Perform Manufacturing Risk Reduction Trials for 
Subscale Tank 

• Develop Full Scale Tank Manufacturing Concepts 
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2nd Generation RLV 
Airframe Risk Reduction 

Cryotank Manufacturing 
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Approach 


Subscale Tank/Sub*element Processing 
and Design Validation 




Fabricate Sub sc ala Tank Fabricate Sub-otomcnt / 
Tost Articles 


Full Scale Manufacturing 


, - r ' Full Scale Sub- 

olemont Test 

Slngto Piece Articles 

Tooling Cone op I Intermediate ~10Fl 

Process Scato-up 


Non-Autoclave Processing 


Ultrasonic Compaction 
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Processing Trials & 
Evaluation 
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Non-Autoclave Cure Processes 
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Non-Autoclave Evaluation Factors 


Ultrasonic Compaction 

• U T L D. ’hulked T : s t Purr's 
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time Pi mi to Core 

» In- Situ Del m Ik mi| PeirmS 
Thick Serlx'ii Pari Build U[is 
Without Ply Distoition 

• UTL Demnnstiuted on Other 
Programs i.Wrth Au too love) 


Enhanced Proccssmu 

Ev.iliKite Other Methods Used 
in ludustiy 

Mandrel Expansion 

■ Shrink T.tjies 

- Double SiUigiMd 

- N(;VJ Non Adtoclavt! Mat Is 

- Processes Usmi tot L .«<)<} 
Retmns < On Vehic'e I 

- Impnjveil DeLulkind 

■ CAi Net Thickness Layup 
Materials 


VARTM 

• Ot'pNitoiiity to imeg!, ate 
F i times rintJ Details 

• Make Large inti ’grated 
Structure:, 

• Single tn|eut«!H Process 
Minimises Oi;1- T mie 
Issues 

• Rrrttei Suited to 
Monolithic Structures 

• Requites Development r>t 
Filament Wound PiHi..rm 

Technology 


AtORrwior 


» Compatibility With Design 

• Ability to be Scaled Up 

• Maturity of Materials 

► Laminate Quality (Compared to Autoclave Baseline) 

Cured Laminate Thickness / Thickness Variations 
Defects and Other Anomalies (Laminate Porosity Bridging / Resin 
Starved Conditions. Unbends/ Entrapped Air and Voids 
Laminate Anomalies (Mark-off From Processing. Fiber Wrinkling > 
Wav mess. Fiber Volume I Resin Volume Variations) 

C-Scan 

Mechanical Properties 




VARTM Evaluation 


VARTM Evaluation 
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Materials Maturity 

• Unidirectional Preforms Need Significant Development 

Uni-Fabrics Only Used in Experimental Environments and Have 
Minimal Process and Mechanical Gala Available 
Filament Wound Tow Preform Concept Requires Development of 
Compatible Sizing and Method for integration of Doublers 

• Structural Foam Cores Not Mature. Do Not Have Equivalent Strength 
'Density Ratios to Honeycomb 

• Must Develop Weight Effective Method for Sealing'Bonding to use 
Honeycomb 

• Mechanical Data on VARTM Resin Systems Was Very Limited 
Except for BMi Materials 

Typically Had Lower Mechanical Properties And Toughness Than 
Prepreg Materials 

- Will Require Extensive Certification 
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VARTM Evaluation 


VARTM Evaluation 


Scale-up 

• D'Miurt 1<.i La y up Continuous Dry Fabric Shell. Particularly on Vertical 

or Hanging Suduuus Duo to Pru^umi Weight and Loot- ot Took 

• Need to Validate High Fiber Volumes on L mje Structures- Large Slruetures 
Demonstrated In Industry Have High Rosin Volume tTypu.allv > 

• Si ilrl! nit i • Approaches For Compur tiori r.f Psotorns to Achieve Higher Filter 
Volumes Of Fur lule; H atirig Doublets and Build ups Limits Size and Increases 
Ntrd far Joints or Alternative Lucatiori'Compaetiun Methods 

• Ditt, rutty in ruminating Bulk til Dry ProtounOu Full Cylinder Increases 
L ik i : hi ux nl of Filmir Wav mess in Cured Part 

• DiUiciiJI to Avoid Mark- off and Resin Rich Areas At Resin Introduction Joints 

introduc e at Part Edges Implies More Joints Due to Size 

Minimal Joint Designs Imply Very Long Flow Paths or Resin Introduction 

in the Middle of the Structure 

. Environmental and Safety- Very Largo Chemical Storage Needs. CRB 
Approvals. Permits, Resm Mining Etc 


Compatibility with Design 

• May be Suitable for Monolithic Structure Concepts and for Slosh 
Battles 

• Use of Fabrics For Full Surface Will Impose -10% or Higher Weight 
Penalty 

• Significant Weight/Ounlity Risk Particularly to Prevent Resin 
tngression for Honeycomb Sandwich Design 

• Limits Flexibility to Designs Highly Tailored to VARTM Process 
Limitations (e g Preform Geometry Limitations. Injection Process, 
etc ) 






Enhanced Processing Techniques 
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Enhance Cure Processing Approaches 

Mandrel Expansion 

• li Menial Aluminum Mandrel 

• E xternal Snell With Silicone Rubber Face 

Shrink Taocs/M ate rials 

• ID Select Shrink Tapes 

• Use Kevlar Over' wrap 

• Silu.une Rubin 'r Elastomer, Over-wrap Under Tension 

Bagging Techniques 

» Double Bagging 

• improved Debut king 

• Increase Frequency 

• Hot Detjiilks vs RT Delmlks 

Specialty Materials 

• Net Thickness FVoprecj 

• Low Pressure Cum Materials 






Enhance Cure Processing Evaluation 

Materials Maturity 

• Low Pressure Processing Materials (e g LTM) Did Not Have 
Acceptable Mechanical Properties or Had Unacceptable Oul Times 

• Net Thickness Prepreg Materials Have Only Been Used tor Autoclave 
Cures 

• Standard Prepreg Materials Selected for Most Process Testing 

- Will Compare To Mechanical Test Data for Autoclave Cured 
Materials 

Minimal Mechanical Data Available for Vacuum Bag Cure 
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Enhance Cure Processing Evaluation 

Design Compatibility 

• Shrink Tape Approach Limited by Contour 

Must Be Male Tool With Convex Surface 
- Difficult Id Apply to Dome.'Compound Contour Arons 
Difficult to Incorporate Localized Features Without Causing 
Bridging 

• Mandrel Expansion 

Aids IML Skin Compaction. But Questionable for 

Doublers. Features Not Constrained by Skin Plies and Processes 

After Skm is Cured 

Tooling Complexity Increases for Outer Skin Compaction 
Musi Rely on Other Complementary Processes 
Expansion Approach Limits Tool Design Flexibility 

• Bagging Techniques and Specialty Materials Appear Compatible 
With Most Designs Proposed 


Enhance Cure Processing Evaluation 

Scale Up 

• Materials Must Have Compatible Oul-life with Proposed Process 
Approaches 

• Shrink Tape 

- Application Process On Full Scale Tanks May Need Development 
or Automation Due to Weight of Rolls 

• Improved Debutking 

- Need to Ensure Scale-up Does Not Exceed Material Out-life Due 
to Increased Process Flow Time 

• Recommend Automated Material Application for Ail Concepts 
Proposed 

- Aids Debulk 

- Reduces Flow Time and Improves Ability to Complete Process 
Within Oul-life of Materials 


Non Autoclave Cure Photomicrographs 

All Material A Vacuum Bag Cure Panels Had Unacceptable Disbonds or 
Porosity 
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\ Standard Lay-up, Vacuum Bag 
Pressure Only Mat I A Panel # 3 








1 Non Autoclave Cure Photomicrographs | 

Standard Debulk'Lay-up Vacuum Bag 


1 Pressure Only Mat 1 B Prepreg Panel #2 
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1 Standard Debulk'Lay-up. Vacuum Bag 

1 Pressure Only, Mal l B Net Thickness 


1 Prepreg Panel ff 6 
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Non Autoclave Cure Photomicrographs 


First Mat’l B Panel Produced with the 
New Process (Panel #8) 
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Second Mat t B Panel Produced 
with the New Process (Panel ff10| 




Non Autoclave Cure Photomicrographs 


First Mat'l C Panel Produced with the New 

Process {Panel #7) h W' : rti| ~ ' 


Second Mat l C Panel Produced with the 
New Process (Panel #9) 
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Non Autocl ave Cure Photomicrographs 


Comparable 
Results From 
Panels Made tor 
M&P Testing 
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Ultrasonic Compaction Evaluation 


Ultrasonic Compaction Photomicrographs 


• Design Compatibility 

• Compatible with All Designs that Could be Tow / Tape Placed 

• More Difficult to Support Complex Details Like Hats 

• Solid State Cure Process Needs Validation for Each Material 
System 

Not Compatible with All Composite Materials 
- May Pose Challenge with Some Adhesive/Material 
Combinations to Get Proper Adhesive Flow 


UTLVacuum Bag Oven Cure 
WR1 123A LH2 Panel Mat I A 


UTL Shows Significant 
Compaction Improvement 
Compared to Conventional 
Vacuum Bag Cures With Mat I A 
And Approacties Quality of 
Autoclave Cure 




Conventional Autoclave Core 
ASDL1S9805 LH2 Panel Mat I A 
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1 Ultrasonic Compaction Photomicrographs | 

| UTL With Vacuum 

Vacuum Bag Oven Cure 
WR 1 129 LH2 Panel Mat 1 B 


Bag Cure, and with 
Solid State Cure Had 
l Near Autoclave 

Solid State Cure (No Vacuum 


1 Compaction Quality 

Bag Oven Curej 


| with Mat 1 0. Needs 

WR 1 1 20 LH2 Panel Mat 1 B 


1 Further Development 

1 for Thicker Laminates 

I and Other Resin 

1 Systems 

Conventional Autoclave Cure 




ASDLI5771 LOX Panel Mat t B 






Ultrasonic Compaction of Laminates 


* Initial H/C Panels 

Free Standing Solid State 
Cure (SSC) 

No UTL Induced Pillowing 
Good Adhesive Fillets 
Laminate Quality Will 
Improve with Vacuum 
- Future Trials Expected 
Improve Quality of SSC 
Over Core 


Mali B Laminate Photomicrograph 
Solid State Cure 
Minimum Voids 

- Ply Thickness Within Specified 
Thickness 






Mechanical Test Panel Fabrication 


UTL Processed and Standard 
Oven Cure (Material B) 

Average Per Ply Thickness 
0 0051-0.0052” 

UTL Processed and Solid 
State Oven Cure (Material B) 
Excellent Quality 
Limited Flow 
0.0052" Average 
Per Ply 

1 C-scan Performed at 
West Penn NDT, Inc 



Ultrasonic Compaction ol Test Panels 


Sample of UTL Processing Parameters 1 
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Non-Autoclave Process Candidates 


Qualitative 

Compar/sonl 
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Mechanical Property Test Results, 

Open Hole Tension Strain 








Mechanical Property Test Results 


Mechanical Property Test Results 
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Non-Autoclave Process Scale-Up 


Processing Scale-up 
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Issue 

• 2nd Gen RLV Cryotank Sizes Up to 27.5 Feet Diameter 
and 83 Feet Long* * 

• Current National Autoclave Capability Is Limited to 
25’ Diameter {22' Maximum Tank OML} 

• Segmented Tanks Require Joints That Pose Leakage 
Issues and Significantly Increase Complexity of 
Design, Manufacturing, and Maintenance 

Approach 

• Scale Up Existing Non-Autoclave Processes for 
Cryotank Manufacturing Operations 

■ Saturn V - 3 J Stiuttlo FT * 2 7 5 











Ultrasonic Head Development for 
Full Scale Applications 


• Ev;wi«*i>u nt ur Instil 

DHiuIh .j 

• t. vMlusition of C' ?miJ> K.tnj)r i Tunc vs 
Hum vVkIH' 

• Lv^lu.'li: >" ' 't G irivontiUM.il vs 
Srnollfr Mult* Horn SyMrins 

Crnvnr'tiMnnl utt ttic SvHt 
Ultr.isiM i :.h 
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tuiiOMi CotiUii I Ri.'ijiun 
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SyiU'in 

SUfvin flirted fUult.pU; Mom 
System 

Requires AtJditinnol 
Opt;mtion;il Testing 



Concopl Mu HI Horn System 



Subscale Development 
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Subscale Tank Manufacturing 

issue 

• All Up Tank Test Including LH2 Pressure Cycling and 
Axial Loads Required Before Option II to Achieve TRL 
of 6 by 2005 

• Non-Autoclave Processing Development Schedule 
May Not Support Option I Tank Fabrication 

Approach 

• Fabricate and Test Autoclave Cured Subscale Tank in 
Option I to Validate Structural Design and Cryogenic 
Performance 

• Make Subscale Tank Details Representative of Full 
Scale Designs to the Maximum Extent Possible 


Subscale Tank Tooling Status 


* R36141 67105 Skirt 
Skin Cure Fixture 


• R3614167107 Skirt 
Skin Bond Fixture 


• R3614167111 
Assembly Bond 
Fixture 
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Subscale Tank Risk Mitigation Activities | 

• Perform Tooling Coordination and 

Resolving . jj 1 

Natural Path 1 

Interface Check with Existing NASA 

Issues and 1 

Tools {Designs In Work) 

Improved | 

Lamination I 

•Evaluating Protocol Established for 

Techniques Dome Wrinkles 1 

Working On Site At NASA 
I • Coordinating NGC Support and 

Eliminated 1' Attempt 1 

Wrinkles 1 

| personnel Required to Work On Site 

* 1 

At NASA- Mfg Eng , Technicians, 


Quality, and Engineering 

*, 4 \ w 

1 Manufacturing Process Risk 


1 Reduction Activities Started 

a • Overall Procedures / Work Process 
1 Dry Runs Started Using Process 

{ and Tool Proof Articles Prior to 

| Fabrication of Subscale Tank In 


H Option 1 

2 ,K ‘ Trial Without Wrinkles 


Subscale Tank Development Activities 






Subscale Tank Wall with Core 


Placing Tank OML Skins 




Belly Band Producibility Panel 


Y -Joint Test Specimen Fabrication 
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Fasteners Installed 


Bonded Splice Plates 
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Fastener Area 

Core Closeout Jf Bond Prep Precured Skin 
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Fin. shed Test Specimens Bond Core „ nvar Plate 

(Top Bottom Views) 


Bond SkuVCore Closeout 



AbgnlSet Edge Gap 
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Summary of Accomplishments 

Manufacturing 

• Non-Autoclave Process Trials Complete 

• Head Fabrication and Gantry Modifications 
100% Complete 

• Subscale Tank Test Element Fabrication Complete 

• Subscale Tank Composite Splice Plates Complete 

• Subscale Tank Tools 100% Complete 

• Subscale Tank Risk Mitigation Demo Complete 

• Full Scale Tank Simulation Models Complete 

• Conceptual Seamless Tank Tool Designs Complete 
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